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(57)Abstract 

PROBLEM TO BE SOLVED: To produce a polycrystal semiconductor having large 
crystal particles. 

SOLUTION: A seed crystal 24 is arranged on the bottom of a conical part 22 of a 
crucible 9 and a semiconductor material is inserted into the crucible 9. The crucible 9 
is heated by a heating furnace 4 to melt only the semiconductor material. Though the 
crucible 9 is cooled by a pedestal 13, the circumferential part 16 of the pedestal 13 has 
a transmission of cooling temperature smaller than that in the central part 15, because 
the circumferential part 16 is brought into contact with the crucible 9 through a heat 
insulator 1 1. Water amounts fed to the central part 15 and the circumferential part 16 
are controlled so that solidified interface becomes upwardly protruded shape when 
coagulation is started. Water amount fed to the circumferential part 16 is increased 
together with growth of the solidified interface and when the solidified interface attains 
the boundary 25, the interface is made planar form and then coagulation is advanced 
without changing the water amount. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It connects with one opening edge of a cylindrical tubed part and a tubed part under an inactive ambient atmosphere to a 
semi-conductor. Seed crystal is arranged at the pars basilaris ossis occipitalis of the truncated-pyramidical section of a crucible which 
has the truncated-pyramidical section which serves as a taper as it becomes at a tip. After dissolving only a semiconductor material, 
without dissolving seed crystal substantially by maintaining the inferior-surface-of-tongue temperature of a pars basilaris ossis 
occipitalis below at the melting point of a semiconductor material, inserting in a semiconductor material in a crucible, carrying out 
heating fusion with a heating means, and taking heat from a crucible pars basilaris ossis occipitalis, In the manufacture approach of a 
polycrystal semi-conductor of making the semiconductor material which cooled and dissolved the crucible solidifying, and growing up 
polycrystal from seed crystal a crucible It is supported by the plinth constituted by the core corresponding to the bottom subordinate 
side of the truncated-pyramidical section, and the periphery which are parts other than a core when a crucible is laid, and in case heat 
is taken from a pars basilaris ossis occipitalis and a semiconductor material is made to solidify by the plinth concerned Cooling of a 
crucible is started maintaining the core and periphery of a plinth at the same cooling temperature. Control the cooling temperature of a 
periphery to the cooling temperature of a core, and the solidification interface which is an interface of the semiconductor material of a 
fusion condition and the solidified semiconductor material It is the manufacture approach of the polycrystal semi-conductor 
characterized by maintaining a solidification interface at a plane and making a semiconductor material solidify henceforth as cooling 
temperature from which a solidification interface serves as a plane in the cooling temperature of a periphery when it reaches near the 
boundary section which is the part of the boundary line of a tubed part and the truncated-pyramidical section and which is defined 
beforehand. 

[Claim 2] Said crucible is the manufacture approach of the polycrystal semi-conductor according to claim 1 by which it is inserting [ it 
is inserted in cylindrical susceptor and / in the space between a crucible and susceptor ]-heat insulator characterized. 
[Claim 3] The manufacture approach of the polycrystal semi-conductor according to claim 1 or 2 characterized by cooling a plinth, 
making a periphery circulate through a lot of cooling water as compared with a core, and making cooling temperature of a periphery 
lower than a core by making the core and periphery of said plinth circulate through cooling water, respectively. 

[Claim 4] It is the manufacture approach of the polycrystal semi-conductor one publication among claims 1-3 characterized by for said 
semiconductor material being polish recon and a polycrystal semi-conductor being polycrystal line silicon. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a polycrystal semi-conductor. It is related with the 

manufacture approach of a polycrystal semi-conductor excellent in the crystallography target in more detail. 

[0002] 

[Description of the Prior Art] As the ingredient of the semi-conductor used for IC (integrated circuit) etc., or an ingredient of a solar 
battery, also from the field of industrial production, silicon is the ingredient which was excellent also from the field of a resource, and is 
used widely. Most of what is put in practical use is silicon especially as an ingredient of a solar battery. Although the thing using single 
crystal silicon as a solar battery for current electric power supplies is in use, in order to realize low cost, it waits for development of 
the solar battery using quality polycrystalline silicon. 

[0003] The general approach at the time of manufacturing polycrystalline silicon is the approach of dissolving solid-state silicon within 
a heating furnace with a silica crucible, and casting to a graphite crucible. Recently, it dissolves in a vacuum or inert gas, mixing to 
silicon, such as oxygen and nitrogen gas, is prevented, and upgrading and dust prevention are measured. 

[0004] For example, in a vacuum or inert gas, into mold, such as a graphite, a crucible is leaned and the silicon dissolved within the 
silica crucible is poured in at the semi-continuous casting furnace of German country Wacker currently indicated by JP.57-21 51 5,B. 
moreover, HEM of the U.S. crystal systems company currently indicated by JP, 58-541 1 5,B — in law (HeatExchange Method), silicon 
was dissolved in the silica crucible in the vacuum, and it has hardened within the silica crucible as it is. Moreover, the approach using 
the steel plate which carried out water cooling as a silicon fusion crucible is used as an approach currently indicated by JP.62- 
26071 OA as amelioration of said Wacker method at the Sumitomo cis- tic company. 

[0005] Quality polycrystalline silicon cannot be manufactured by the approach of only casting the solid-state silicon dissolved as 
mentioned above to a graphite crucible, without the directivity of a crystal gathering. Therefore, seed crystal is arranged on the base of 
a crucible and the method of growing up a crystal along with the crystal orientation of seed crystal is used. In case seed crystal is 
used, it is necessary to perform temperature control so that seed crystal may not be dissolved. For example, by the HEM method 
mentioned above, temperature detection at the time of fusion of ingredients (sapphire, germanium, etc.) is performed by viewing and 
absolute-temperature measurement of a thermocouple so that seed crystal may not be dissolved. When temperature detection is 
performed visually, there is fluctuation for every crystal growth by the cloudiness of glass etc., and it is lacking in repeatability. 
Moreover, even if it is the approach of using a thermocouple, at the time of elevated-temperature use (for example, 1400 degrees C or 
more), aging is remarkable and this is also deficient in the absolute temperature of thermocouple original in repeatability. Consequently, 
melting out temperature detection of an ingredient is regarded as a near standard, and cools the end-crater pars basilaris ossis 
occipitalis which is passing gaseous helium etc., and he is trying not to dissolve seed crystal. However, it is not practical to 
manufacture a crystal using this approach very at an expensive price [ gaseous helium ] and industrially, moreover — although it is 
necessary to dissolve all ingredients other than seed crystal by the crystal growth approach using seed crystal — said HEM — in law, 
the ingredient of the seed crystal circumference may remain without dissolving, and cannot say that it is equal to the crystal 
orientation of seed crystal. 

[0006] Moreover, recently, the pars basilaris ossis occipitalis of a crucible is covered with two or more seed crystal, and the 
polycrystalline silicon to which the directivity of a crystal was equal has been obtained by controlling the temperature of the pars 
basilaris ossis occipitalis of a crucible. 

[0007] Drawing 9 is drawing for explaining how to manufacture polycrystalline silicon. In draw ing 9 (1), the polish recon 62 is inserted in 
the crucible 61 as a semiconductor material. The crucible 61 is supported by the plinth 63. Heating fusion of the polish recon 62 is 
carried out with the heating object 64. 

[0008] Drawing 9 (2) is a graph in a crucible 61 which shows the relation between the distance from a side attachment wall to the side 
attachment wall of another side, and temperature, and drawing 9 (3) is drawing showing the polish recon 62 in a crucible 61. In case 
polycrystalline silicon is grown up, it cools by the plinth 63 from crucible 61 pars basilaris ossis occipitalis, and the polish recon 62 is 
made to solidify. Here, the solidification interface 65 which is an interface of the part which has solidified the polish recon 62, and the 
dissolved part is made convex by controlling cooling temperature so that the temperature by the side of a periphery becomes high to 
the temperature of a core, as shown in drawing 9 (2). The polycrystalline silicon with which crystal orientation was equal to seed 
crystal can be obtained by controlling so that the solidification interface 65 becomes convex. 

[0009] In addition, in case a compound semiconductor is manufactured, crystal growth may be just performed for a taper at a bottom 

using a slack end crater. 

[0010] 

[Problem(s) to be Solved by the Invention] When manufacturing two or more polycrystalline silicon using a single crystal, since two or 
more single crystals are required, a manufacturing cost increases. Moreover, it is necessary to cover the base of a crucible with seed 
crystal, and takes time and effort. 

[001 1] The purpose of this invention is offering the approach of manufacturing a polycrystal semi-conductor with big crystal grain. 
[0012] 
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[Means for Solving the Problem] "The bottom of an inactive ambient atmosphere" used among this specification means the bottom of 
the ambient atmosphere in which the inert gas with which a semiconductor material does not oxidize in a vacuum or it at the time of 
heating exists, and it realizes within a well-closed container. This invention receives a semi-conductor. A tubed part cylindrical under 
an inactive ambient atmosphere, Seed crystal is arranged at the pars basilaris ossis occipitalis of the truncated-pyramidical section of 
a crucible which has the truncated-pyramidical section which serves as a taper as it connects with one opening edge of a tubed part 
and becomes at a tip. After dissolving only a semiconductor material, without dissolving seed crystal substantially by maintaining the 
inferior-surface-of^tongue temperature of a pars basilaris ossis occipitalis below at the melting point of a semiconductor material, 
inserting in a semiconductor material in a crucible, carrying out heating fusion with a heating means, and taking heat from a crucible 
pars basilaris ossis occipitalis. In the manufacture approach of a polycrystal semi-conductor of making the semiconductor material 
which cooled and dissolved the crucible solidifying, and growing up polycrystal from seed crystal a crucible It is supported by the plinth 
constituted by the core corresponding to the bottom subordinate side of the truncated-pyramidical section, and the periphery which 
are parts other than a core when a crucible is laid, and in case heat is taken from a pars basilaris ossis occipitalis and a semiconductor 
material is made to solidify by the plinth concerned Cooling of a crucible is started maintaining the core and periphery of a plinth at the 
same cooling temperature. Control the cooling temperature of a periphery to the cooling temperature of a core, and the solidification 
interface which is an interface of the semiconductor material of a fusion condition and the solidified semiconductor material When it 
reaches near the boundary section which is the part of the boundary line of a tubed part and the truncated-pyramidical section, it is 
the manufacture approach of the polycrystal semi-conductor characterized by maintaining a solidification interface at a plane and 
making a semiconductor material solidify henceforth as cooling temperature from which a solidification interface serves as a plane in 
the cooling temperature of a periphery and which is defined beforehand. If this invention is followed, in case a polycrystal semi- 
conductor will be manufactured, after arranging seed crystal at the pars basilaris ossis occipitalis of the truncated-pyramidical section 
in a crucible under an inactive ambient atmosphere to a semi-conductor first, a semiconductor material is inserted in in a crucible. 
Heating of a crucible is performed by the heating means estranged and established from a crucible as usual, and gives and dissolves 
radiant heat from the crucible upper part to the semiconductor material in a crucible. Moreover, with a heating means, the side- 
attachment- wall section of a crucible is also made into an elevated temperature, and dissolves a semiconductor material. Since it is 
cooled by the plinth, a crucible pars basilaris ossis occipitalis can dissolve a semiconductor material, without melting seed crystal. If the 
semiconductor material except seed crystal dissolves, heating by the heating means will be suspended and the coagulation of a semi- 
conductor will be started. The cooling temperature of a periphery is controlled to the cooling temperature of the core of a plinth, and 
the temperature distribution in a crucible are made almost equal as a solidification interface grows. When it reaches near [ whose a 
solidification interface is the part of the boundary line of a tubed part and the truncated-pyramidical section ] the boundary section, 
the cooling temperature of a periphery is controlled so that a solidification interface serves as a plane, and the semiconductor material 
of a tubed part is grown up as a polycrystal semi-conductor to which directivity was equal. Therefore, since a semiconductor material 
is made to solidify as a solidification interface maintains a plane after that by making a solidification interface into a plane when a 
semiconductor material is made to solidify and a solidification interface reaches near the boundary section of the truncated- 
pyramidical section and a tubed part, arranging seed crystal at the bottom of the truncated-pyramidical section of a crucible, and 
controlling the cooling temperature from a plinth, the polycrystal semi-conductor which had big crystal grain in the tubed part can be 
manufactured. Moreover, since **** [ the number of the seed crystal to be used / one ], the time and effort which can reduce a 
manufacturing cost compared with the case where two or more seed crystal is used, and covers with seed crystal can be saved. 
[0013] Moreover, this invention is inserted in cylindrical susceptor and is inserting [ in the space between a crucible and susceptor ]- 
heat insulator characterized by said crucible. A heat insulator will be inserted in the space between the peripheries of a plinth and 
crucibles in susceptor if this invention is followed. Therefore, even if it does not prepare a difference in cooling temperature in the core 
and periphery of a plinth in the time of solidification initiation, a temperature gradient occurs in the core and periphery of a bottom of a 
crucible, and the configuration of a solidification interface can be made convex. Moreover, since a heat insulator is inserted in the 
space between a crucible and a plinth, it is stabilized and a crucible can be arranged to a plinth. 

[0014] Moreover, by making the core and periphery of said plinth circulate through cooling water, respectively, this invention cools a 
plinth, makes a periphery circulate through a lot of cooling water as compared with a core, and is characterized by making cooling 
temperature of a periphery lower than a core. If this invention is followed, since cooling water will circulate independently to a core and 
a periphery in a plinth, respectively, cooling temperature of a periphery can be made lower than a core by making a periphery circulate 
through a lot of cooling water as compared with a core. Therefore, in the periphery and core of a plinth, cooling temperature can be set 
up separately, respectively, and heat can be taken from the bottom of a crucible. 

[0015] Moreover, said semiconductor material of this invention is polish recon, and it is characterized by a polycrystal semi-conductor 
being polycrystalline silicon. If this invention is followed, said semiconductor material will be polish recon and a polycrystal semi- 
conductor will be polycrystalline silicon. Therefore, polycrystalline silicon with crystal grain can be manufactured by using the 
manufacture approach of the polycrystal semi-conductor of this invention. 
[0016] 

[Embodiment of the Invention] Drawing 1 is drawing of longitudinal section showing the rough configuration of the equipment used in 
the manufacture approach of the polycrystal semi-conductor which is one gestalt of operation of this invention. A well-closed 
container 1 is intercepted from atmospheric air by this equipment, and is prepared in it. The configuration that connect with an external 
vacuum pump and the interior of a container is maintained at a vacuum through the door for vacuum cutoff which is not illustrated is 
sufficient as a well-closed container 1. Or the configuration that inert gas, for example, an argon, circulates through the inside of a 
container by ordinary pressure may be used, and even if the ambient atmosphere in a container is maintained at the non-oxidizing-like 
environment and carries out heating fusion of the semi-conductor within a container, the bad influence by oxidation is not received. 
[0017] In the well-closed container 1, the heating furnace 4 of the shape of a cylinder which consists of a heat insulator 2 and a 
heating object 3 so that it may illustrate is left and formed from the container side attachment wall. A heat insulator 2 and the heating 
object 3 are all the products made from graphite. The heating object 3 may consist of conductors, such as a metal. The induction- 
heating coil 5 is twisted the periphery side corresponding to the part in which the perimeter, especially the heating object 3 of a heating 
furnace 4 are located. If the induction-heating coil 5 is energized, it will heat the heating object 3. The thermocouple 6 for measuring 
the temperature of the heating object 3 is laid under the side-attachment-wall section of the heating object 3 through introductory 
tubing. 
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[0018] A thermocouple 6 and the induction-heating coil 5 are connected to the control unit 7 with which the exterior of a well-closed 
container 1 was equipped with lead wire 8, respectively. A control unit 7 answers an output from the 1st thermocouple 6, controls the 
power given to the induction-heating coil 5, and has the composition that the temperature up of a heating furnace 4 and a temperature 
fall can be carried out free. 

[0019] Inside a well-closed container 1, the crucible 9 with which a semiconductor material and seed crystal are inserted is arranged. A 
crucible 9 is arranged so that the building envelope in which a heating furnace 4 is formed as shown in draw ing 1 may be estranged and 
suited from the side attachment wall and the upper part of a heating furnace 4. A crucible 9 may consist of a tantalum, molybdenum, a 
tungsten, silicon nitride, and boron nitride as an ingredient of for example, silica material, graphite material, and others. 
[0020] Drawing 2 is drawing showing the example of the configuration of a crucible 9. Drawing 2 (1) is the perspective view of a crucible 
9. drawing 2 (2) is drawing which looked at the crucible 9 from the side face, and drawing 2 (3) is drawing seen from the opening side of 
a crucible 9. A crucible 9 is constituted by a tubed part 21 and the truncated-pyramidical section 22. The taper of an include angle 
alpha is horizontally attached to the truncated-pyramidical section 22 of a crucible 9. The seed crystal 24 mentioned later is installed 
in the bottom 23 of a crucible 9. 

[0021] As for the crucible 9, the pars basilaris ossis occipitalis is supported by susceptor 10 through the heat insulator 11 within the 
well-closed container 1. Susceptor 10 is further laid on a plinth 13, and can rotate a plinth 13 around a central major axis by the barrel 
17 connected caudad. Propagation and a crucible 9 also rotate rotation of a barrel 17 according to rotation of a barrel 17 in the end 
crater 9 through a plinth 13 and susceptor 10. When a semiconductor material is inserted in a crucible 9 and a crucible 9 is heated 
within a heating furnace 4, the temperature distribution of the semiconductor material in a crucible 9 serve as homogeneity by this 
rotation. The side attachment wall 12 is formed in susceptor 10 so that the heat insulator 11 may be installed in the pars basilaris ossis 
occipitalis of a crucible 9 and each side face of a crucible 9 may be contacted. 

[0022] Drawing 3 is drawing showing the configuration of a plinth 13. As shown in drawing 3 (1), the plinth 13 is constituted by the core 
15 and the periphery 16, and has the cooling structure which each part became independent of. Drawing 3 (2) is the sectional view of a 
plinth 13. The barrel 17 is inserted in the core 15 as shown in drawing 3 (2). Two or more concentric circular cooling pipes 71 are 
formed in the periphery 16, and it has a duplex or multiplex tubing structure. In drawing 2 , in order to understand the structure of a 
cooling pipe 71 easily, the cooling structure of 1 grouping was shown. 

[0023] Since the cooling medium of an amount with which a core 15 and a periphery 16 have the cooling structure which carried out 
mutually-independent, and differ from each other in a core 15 and a periphery 16 can be poured, temperature of a core 15 and a 
periphery 16 can be made into different temperature. 

[0024] A cooling medium is continuously supplied to a barrel 17 and a cooling pipe 71 from the cooling intermediation body whorl 19. A 
cooling medium is poured through barrel 17a to a susceptor 19 side, and is discharged through barrel 17b. Moreover, it passes through 
the 1st cooling pipe 72 to a susceptor 19 side, and is discharged through the 2nd cooling pipe 73 and the 3rd cooling pipe 74. 
[0025] As a result, this cooler style carries out heat exchange to the inferior surface of tongue of the pars basilaris ossis occipitalis of 
the crucible with which susceptor 10 contacts, and plays the role which cools a pars basilaris ossis occipitalis. By the driving means 18 
prepared in the exterior of a well-closed container 1, a plinth 13 and a barrel 17 are driven in the vertical direction, and a crucible 9 
also goes up and down them with those vertical movement In this way, the distance of the end crater 9 taken heating furnace 4 can 
also be ac(justed with contiguity or alienation. Furthermore, as for a driving means 18, a rotation drive also makes a barrel 17 the 
circumference of an axis as mentioned above. 

[0026] The pyrometer 14 is attached into the parietal region 3 of a heating furnace 4, i.e., the heating object right above a crucible 9. 
This pyrometer 14 can detect the radiant heat from the semiconductor material in a crucible 9, and can measure the skin temperature 
of an ingredient. Therefore, the pyrometer 14 is useful although the coagulation condition of a semiconductor material is distinguished 
at the time of the cooling coagulation of the fusion condition of an ingredient, or a semiconductor material at the time of heating fusion 
of the inserted semiconductor material. 

[0027] Moreover, in contact with near the pars-basilaris-ossis-occipitalis center of a crucible 9, the thermocouple 20 is laid under the 
surface 10a of susceptor 10 in the inferior surface of tongue of a pars basilaris ossis occipitalis. A thermocouple 20 is used in order to 
measure the temperature of the bottom subordinate side of a crucible 9. A thermocouple 20 is electrically connected to the control 
unit 7 as well as a thermocouple 6 through lead wire 8. Therefore, a control unit 7 can control the temperature up of a heating furnace 
4, and a temperature fall by controlling the power which answers the output of a thermocouple 20 and is supplied to the induction- 
heating coil 5. 

[0028] Drawing 4 is drawing showing the temperature distribution and the solidification interface at the time of manufacturing a 
polycrystal semi-conductor using a crucible 9. Since the heat insulator 11 is inserted between a crucible 9 and susceptor 10 as shown 
in drawing 4 (1), supposing the cooling temperature by the above-mentioned plinth 13 is equal at a core 15 and a periphery 16, 
temperature comes to differ in the location corresponding to the location corresponding to the core 15 in a crucible 9, and a periphery 
16. 

[0029] Drawing 4 (2) is a graph which shows the relation between the distance from side-attachment-wall 9a of one side of a crucible 
9, and the temperature in an every place point Each side-attachment-wall side of the temperature in a crucible 9 is high, and it is so 
low that it goes to a core. That is, the temperature distribution in a crucible 9 are convex. Therefore, the solidification interface 31 of 
the semiconductor material in a crucible 9 becomes convex as shown in drawing 4 (3). A crystal can be created by the same crystal 
orientation as seed crystal by controlling the cooling temperature from a plinth 13 so that the solidification interface 31 of a 
semiconductor material becomes convex. 

[0030] Drawing 5 is drawing showing the configuration of the solidification interface at the time of a semiconductor material solidifying 
in a crucible 9. Draw ing 5 (1) shows the solidification interface 31 at the time of coagulation initiation. Temperature of the 
semiconductor material 30 in about 24 seed crystal is made higher than the temperature of the semiconductor material 30 by the side 
of side-attachment-wall 9a, and the solidification interface 31 is made convex. The temperature by the side of side-attachment-wall 9a 
is lowered as coagulation advances, and it brings close to about 24 seed crystal temperature. The include angle the solidification 
interface 31 grows up to be as shown in drawing 5 (2) is made small by lessening the temperature gradient in a crucible 9. 
[0031] When the solidification interface 31 reaches by controlling cooling temperature near the boundary section of the tubed part 21 
and the truncated-pyramidical section 22 in a crucible 9, the temperature of the semiconductor material 30 in about 24 seed crystal in 
a crucible 9 and the temperature of the semiconductor material 30 by the side of side-attachment-wall 9a are made to become equal, 
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and the solidification interface 31 is mostly made into a plane. Henceforth, cooling control is performed so that the solidification 
interface 31 may maintain a plane. When the output signal of a pyrometer 14 changes, it can check whether the semiconductor material 
30 in a crucible 9 has solidified altogether. 

[0032] Drawing 6 is drawing showing the process into which the ingot of the polycrystal semi-conductor 32 which was able to be pulled 
up from the crucible 9 after solidification is processed. Drawin g 6 (1) shows the ingot which was able to be pulled up from the crucible 
9. Since crystal orientation is not equal to the part corresponding to a tubed part 21, the part corresponding to the truncated- 
pyramidical section 22 of a crucible 9 is cut off as shown in draw ing 6 (2). The polycrystal semi-conductor 32 processed into the 
rectangular parallelepiped is divided in the direction of a long side, as shown in drawing 6 (3). Furthermore, it is processed into a 
predetermined configuration by the purpose used. 

[0033] Below, the manufacture approach of the polycrystal semi-conductor of this invention is explained in more detail for every 
process. First, seed crystal 24 is arranged at the bottom 23 of a crucible 9. The end crater 9 which gets after arranging seed crystal 24 
is filled up for example, with polish recon as a semiconductor material. As for restoration of polish recon, it is desirable to carry out in 
the exterior of the well-closed container 1 shown in drawing 1 . 

[0034] The crucible 9 with which the susceptor 10 by which the heat insulator 1 1 is arranged was filled up with polish recon is laid. In 
case a crucible 9 is laid, the core of a crucible 9 unites so that it may be in agreement with the shaft passing through the center of a 
plinth 13 and susceptor 10. A barrel 17 and a plinth 13 are raised using a driving means 18, and a crucible 9 is set so that a crucible 9 
may be arranged at the position inside a heating furnace 4. Before operating a heating furnace 4, a plinth 13 and a barrel 17 are made 
to circulate through water, and it confirms that the inferior surface of tongue of the pars basilaris ossis occipitalis of a crucible 9, 
especially a pars basilaris ossis occipitalis is cooled. 

[0035] Before beginning heating of a heating furnace 4 furthermore, a barrel 1 7 is rotated to the circumference of a vertical-axis line 
by the driving means 18, and heating to the polish recon in a crucible 9 is made to be carried out to homogeneity. Then, an electrical 
potential difference is impressed to the induction-heating coil 5, and the polish recon in the end crater 9 which heated the heating 
object 3 and uses the radiant heat from the heating object 3 is heated. 

[0036] If an alternating current with a frequency of about 7kHz is impressed to the induction-heating coil 5, the temperature of the 
heating object 3 rises by induction heating, with the radiant heat from the heating object 3, a crucible 9 will be heated and the 
temperature of the polish recon in a crucible 9 will rise. A heating furnace 4 is heated at 1420 degrees C or more which is the melting 
out temperature of silicon. In this gestalt of operation of this invention, since it is the structure which has a heat source in the upper 
part side of a crucible 9, and has the cooling section in a pars-basilaris-ossis-occipitalis side, the silicon in a crucible 9 is dissolved 
from an upper part side to a pars-basilaris-ossis-occipitalis side. The monitor of signs that the polish recon 30 dissolves can be carried 
out using a pyrometer 14. 

[0037] The electric energy supplied to the induction-heating coil 5 so that the temperature in a heating furnace 4 may become fixed is 
controlled. Control of the electric energy to supply is performed by answering the output of the thermocouple for control. Based on the 
temperature change detected by the thermocouple which the bottom of a crucible 9 is made to correspond and is formed, what polish 
recons other than seed crystal 24 dissolved is checked. 

[0038] A check of what polish recon dissolved lowers the temperature in a heating furnace 4 in 1 hour at a rate of 1 time (1 degree C/ 
(h)). Moreover, the polish recon 30 is made to solidify a plinth 13 from the bottom 23 side of the end crater 9 which is making it 
descend in 1 hour at a rate of 10mm (10mm/(h)). In addition, in case polish recon is made to solidify, in order to reduce the effect of 
the temperature distribution in a heating furnace 4, a plinth 13 is rotated by the driving means 18 at the speed of 1rpm. 
[0039] In case po rye ry stall ine silicon is manufactured, time amount required in order that all the polish recons in the condition of having 
dissolved in the crucible 9 may solidify is measured beforehand. It can judge by change of the signal with which a pyrometer 14 
receives how [ that the polish recon in a crucible 9 solidified ] it is. Based on the time amount taken for the polish recon in a crucible 9 
to solidify, the rate which the polish recon dissolved in a crucible 9 solidifies, i.e., the rate a solidification interface grows up to be, is 
computable. 

[0040] By computing the rate a solidification interface grows up to be, time amount until a solidification interface reaches near [ said ] 
the boundary section is computed. A solidification interface is made into a plane, when the circulating water flow supplied to the 
periphery 16 of a plinth 13 is controlled based on said time amount computed and a solidification interface reaches near [ said ] the 
boundary section. That is, when it is made to increase from the amount of water which supplies the circulating water flow supplied to a 
periphery 16 at the time of coagulation initiation and a solidification interface reaches near [ said ] the boundary section, temperature 
of a location corresponding to the core 15 of the plinth 13 in a crucible 9 and temperature of the location corresponding to a periphery 
16 are made the same. The polish recon in a crucible 9 pulls up polycrystalline silicon from a crucible 9, after solidifying as 
poly crystal line silicon. 

[0041] As mentioned above, according to this gestalt of operation of this invention, based on the rate the solidification interface 
computed beforehand grows up to be, the semiconductor material dissolved in the crucible 9 controls the circulating water flow 
supplied to the core 15 and periphery 16 of a plinth 13, and is solidified. Make a solidification interface convex, while solidification 
progresses, the circulating water flow supplied to a periphery 16 is made to increase at the time of coagulation initiation of a 
semiconductor material, a solidification interface is brought close to a plane, and it is made a plane near the boundary section of the 
tubed part 21 of a crucible 9, and the truncated-pyramidical section 22. Since solidification is advanced as a solidification interface 
maintains a plane after a solidification interface becomes a plane, the polycrystal semi-conductor which had big crystal grain in the 
tubed part 21 can be obtained. 
[0042] 

[Example] In a crucible 9, the die length of the cross direction in a tubed part 21 is 55cm, respectively, and height is 40cm. About the 
include angle alpha of the taper in the truncated-pyramidical section 22 of a crucible 9, it mentions later. 

[0043] the seed crystal 24 of the silicon arranged at the bottom 23 of a crucible 9 — CZ (Chocola RUSUKI) — the crystal of the field 
(100) of the crystal created by law was used. The magnitude of seed crystal 24 is 10cm long and 10cm wide, and thickness is 2cm. The 
crystal preferably pretreated by chemical etching is used for this silicon seed crystal 24. This etching is performed in order to make a 
crystal front face smooth so that it may be suitable for crystal growth. The crucible 9 was filled up with about 140kg of polish recons 
after having arranged seed crystal 24 at the bottom 23 of a crucible 9. 

[0044] The relation between the temperature of the location corresponding to the core 15 of the plinth 13 in a crucible 9, the 
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temperature of the location corresponding to a periphery 16, and the growth direction of a solidification interface is shown in Table 1 
shown below. Moreover, the growth direction of the solidification interface 31 is shown in drawing 7 . The growth direction beta is an 
include angle to the direction of a vertical of the solidification interface 31. 



[0045] 
[Table 1] 


i-c) 






14 0 0 


14 0 0 


0' 


14 0 0 


14 0 5 


10* 


14 0 0 


14 0 9 


2 2 ' 


14 0 0 


14 15 


34* 


14 00 


14 2 0 


4 5 * 



[0046] When the temperature of a center section and the periphery of a crucible 9 is equal, the growth direction beta becomes 0 times 
and the solidification interface 31 becomes a fiat. Considering as 1400 degrees C so that seed crystal 24 may not be dissolved, when 
the temperature of a core raised the temperature of a periphery 16, according to the rise of said temperature, the growth direction 
beta increased it. When temperature of a periphery 16 is made into 1420 degrees C, the growth direction beta becomes 45 degrees. In 
addition, if temperature of a periphery 16 is made high more than this, it will become more than the melting point of silicon, and 
solidification will not advance. On the other hand, if temperature of a center section is made lower than 1400 degrees C, having a bad 
influence on the quality of a crystal is confirmed in the experiment 

[0047] Since the maximum of the growth direction is 45 degrees, the include angle alpha of the taper section of a crucible 9 turns into 
45 degrees or more. In case polycrystalline silicon 32 is manufactured as mentioned above, since the ingot part formed in the 
truncated-pyramidical section 22 of a crucible 9 is deleted, it is desirable to make the truncated-pyramidical section 22 as small as 
possible. Therefore, the include angle alpha of the taper section of a crucible 9 is set to 45 degrees. The height of the truncated- 
pyramidical section 22 in a crucible 9 is set to 22.5cm from the magnitude of seed crystal 24. 

[0048] Drawing 8 is a timing chart which shows the relation between the time amount after starting the solidification in this example, 
and the amount of water of the cooling water supplied to a plinth 13. In time of day tO, when solidification is started, the broken line 52 
which shows the straight line 21 which shows the amount of water supplied to the core 15 of a plinth 13, and the amount of water 
supplied periphery 16 is in agreement. In time of day tO, M1 supplied is 15l./m in this example. The amount of water supplied to a core 
15 does not change with amount of water M1. The amount of water supplied to a periphery 16 increases in monotone after time of day 
tO, and turns into amount of water M2 in time of day t1. After time of day t1, cooling water is supplied to a periphery 16 by amount of 
water M2. Amount of water M2 is 25l./m in this example. 

[0049] Based on the solidification rate measured beforehand, the amount of water M2 and time of day t1 of cooling water are set as 
the time of day t1 when a solidification interface reaches near the boundary section of the pillar-shaped section and the truncated- 
pyramidical section so that a solidification interface may serve as a plane. 

[0050] After the polish recon in a crucible 9 carries out coagulation crystallization as polycrystalline silicon, polycrystalline silicon is 

pulled up from a crucible 9. The crystallized polycrystalline silicon is processed as mentioned above. 

[0051] 

[Effect of the Invention] Arranging seed crystal at the bottom of the truncated-pyramidical section of a crucible, and controlling the 
cooling temperature from a plinth according to this invention, as mentioned above Since solidification is advanced as a solidification 
interface maintains a plane after that by making a solidification interface into a plane when a semiconductor material is made to solidify 
and a solidification interface reaches near at the boundary section of the truncated-pyramidical section and a tubed part, the 
polycrystal semi-conductor which had big crystal grain in the tubed part can be manufactured. Moreover, since **** [ the number of 
the seed crystal to be used / one ], a manufacturing cost can be reduced compared with the case where two or more seed crystal is 
used, and the time and effort which covers with seed crystal can be saved. 

[0052] Moreover, since only the semiconductor material with which it loaded into the end crater which is not made to dissolve the seed 
crystal laid in the crucible base, but boils "it in the manufacture approach of a polycrystal semi-conductor is dissolved and coagulation 
crystallization of cooling and the semiconductor material is carried out from a crucible pars basilaris ossis occipitalis, the high quality 
polycrystal semi-conductor excellent in the crystallography target with which it applied to the crucible upper part from the pars 
basilaris ossis occipitalis, and the crystal grew up to be an one direction can be obtained. 

[0053] Moreover, according to this invention, even if it does not prepare a difference in cooling temperature in the core and periphery 
of a plinth in the time of solidification initiation, a temperature gradient occurs in the core and periphery of a bottom of a crucible, and 
the configuration of a solidification interface can be made convex. Moreover, since a heat insulator is inserted in the space of a 
between [ a crucible and plinths ], it is stabilized and a crucible can be arranged to a plinth. 

[0054] Since cooling water furthermore circulates independently to a core and a periphery in a plinth, respectively according to this 
invention, by making a periphery circulate through a lot of cooling water as compared with a core, cooling temperature of a periphery 
can be made lower than a core, cooling temperature can be separately set up in the periphery and core of a plinth, respectively, and 
heat can be taken from the bottom of a crucible. 

[0055] Furthermore, since according to this invention said semiconductor material is polish recon and a polycrystal semi-conductor is 
polycrystalline silicon, polycrystalline silicon with big crystal grain can be manufactured. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing of longitudinal section showing the rough configuration of the equipment used in the manufacture approach of 
the polycrystal semi-conductor which is one gestalt of operation of this invention. 
[Drawing 2] It is drawing showing the example of the configuration of a crucible 9. 
[Drawing 3] It is drawing showing the configuration of a plinth 13. 

[Drawing 4] It is drawing showing the temperature distribution and the solidification interface at the time of manufacturing a polycrystal 
semi-conductor using a crucible 9. 

[Drawing 5] It is drawing showing the configuration of the solidification interface at the time of a semiconductor material solidifying in a 
crucible 9. 

[Drawing 6] The polycrystal semi-conductor 32 which was able to be pulled up from the crucible 9 is drawing showing the process 
processed after solidification. 

[Drawing 7] It is drawing showing the growth direction of the solidification interface 31. 

[Drawing 8] It is the timing chart which shows the relation between the time amount after starting solidification, and the amount of 
water of the cooling water supplied to a plinth 13. 

[Drawing 9] It is drawing for explaining how to manufacture poly crystalline silicon. 
[Description of Notations] 

1 Well-closed Container 

2 Heat Insulator 

3 Heating Object 

4 Heating Furnace 

5 Induction-Heating Coil 

6 Thermocouple 

7 Control Unit 

8 Lead Wire 

9 Crucible 

10 Susceptor 

1 1 Heat Insulator 

12 Side Attachment Wall 

13 Plinth 

14 Pyrometer 
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7^r$*»^t)0CC|pIfefgt6*>'r4 o 
[00 2 6] ttB^4 ©BlUSP, -rtt*>%4oB9©Jt 
±OW(rt*3i*iCC^-fCiy-* 1 4#flX9ttW6*Vtl> 

1 4«^ffl-C^>4 0 
50 [ 0 0 2 7 ] £ tc. SOB 9 ©JS^^MfiCCJggpcDT 



7 

6 1 nfluctwstK 7 *c y - k« 8 *^ u r ^m^^g 

KiUot, fla^4<D^S, |^S£3«-f£C<t 

134 ( 1 ) lcm-?£*>ic. ioS9i^l 0 iOWJ 
1 1 ##AS*iT<,*£<£>-C, mf^^ffil 3 

«ia»i 6iccjFtjs-r4ti«irtt, «a»w*4 

[0 02 9] H4 (2)«, SoB9©-*l©»19 

CCfp]*^effi;< fe^tl^. £Ot3:9l*g<DS 

F*3<D*»(*»l40@fbWffl3 1*2, 04 (3) K^TJ: 
SCcitcCufctti. *«(*#f4<D@fbf?ffi3 i**±*cCi 

[0 03 01H5B, ^og9 CC*5C^T¥««*r*4^S 

HriKoHibifffioj&tK^-riar**. H5 (i> 

tt, S@^«H$<D@fbWffi3 lfcTjVT. «ttft2 4i5« 

*f*43 0<DMSd:0 t>i*K LT@<bWffi3 1 £±Kdb£ 
-T£o *B^JtlTt*4tcSe-orfll!JI89 a«<D»lt€:Ttf 

t, aBSa2 4is«<o«s«:ifi^4 0 4o«9rt©ia 

a^^^<T4C<hCC<fcoT|g5 (2) tC^Tct^tC 

[0 0 3 1 ] ftWUm&mWlr2>ztt l cJ:~>x, @{bW 
ffi3 l3W4oa9tC*jW4«tt»2 1 t»fitt»2 2i 
Q^WSfl^CCiiL/c<b£tC, 4otf9rt©WSS2 4 
a««:*jCt4*3»#«l43 0<D»ft<fc«tt9 a«<D¥i» 

«*m3 o©sg<t£^u<&£<£^cu mitftms 
izm^mvttvz. mm. mimm3 i#, 

143 O^T^TH^bUAi^i'^^tt. ;Wo^-*14 

<DtB^«#*^b"r ^ c <t ic j: o r ass-r 4 c <t #r * 

[0 0 3 2 ] H6«, Hfb«4o«9*>63|*±tf6*i 
fc*«Bf»f*3 2©'{>3-; htflJOXStiiXS** 

■rar**. 06(1) «, 4o«9*>e>3i*±tf <=>*i 
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W^tC^cfC^t, 16 (2) CCTjVTJ^tCttOBtfcti 
£«> tt*(*tcttXStifc*»Sa***3 2B. H6 

(3) tc^t*j:^«:sia^rr6jtc^«sn4. setc, tt 

[0 0 3 3 ] WTtC, *^(D^*S B B H **(*<D^3S^S 

*#xec:t«:36«:Bu<«wr4. *r. 40^9 

<Dfi2 3tC^fi2 4*Eitr5. 8tS H B H 2 4^ffiIU 
fc«<04oa9«:*aif«*f4<!: It/ciit^'J is*) ^ 

[0034] m*m& 1 1 ^iBasnri^^^ 1 0 

t3f9^*gM-r4KtC«, 5oa9<0W^, Ml 3*5 

£«, igtt^S 1 8*flH>Tttf* 17, Ml 3 £±#*£ 
ti\ 4o«9^ttl»^4©rt^O^O&*tCEaSti 
^>J:^^oli9(Dt7f^>^T^ jjnaM^*:^ 
ttS-ttiWCC, 611 3*JcfcO'©(*l 7 6C7k«:IRBS 

[0 0 3 5 ] S6CC»lJ»<P4(D*PJ»*>6«>4«r«:, ®<* 
1 7^:IEtt^Sl 8r$&iS»«^t>»3CClHl«i$-ti, &o 

[0 0 3 6 ] SI«ttllfe^^^5CCj^7 kH zCD^^CD 
.LffU JW^(* 3^6 <DfS*tJ»tC <fc o T 4 Oli 9 ^tt]^ 
'JaXDftSMt^)^ 1 4 2 0"Cfcl±tCjII(B«3 4«:JP 

n^-^? 1 4^ffl^t^^1*^)Ci^'Ct^ 
[0 0 3 7 ] ap«^4rt<D»ft3^«CCtt4J:9tC»* 

40 4 0 4o«90SCC»j£Sltr»W6ni«i«*fCcJ:^ 
r^ffiSiiiitttfae^bccll^^r, »SB2 4fcW<D# 

[0 0 3 8 ] #VisV^>i)mt&lstcC±l)m%&2tl2> 

«b, js^^4rt<D«Et*/ct*tf l^nnccift ( rc/ 

ra^C 1 Omra (1 Omm/h) <D«^T^TS-ti"C4^ 

ci9<Djg2 3iiu^64< , ;^";3>3 o^gs^-ti^o & 

50 |gtt^©l 8tCj:o-r-&ffil 3£0*£;*-tf£. 



(6) 
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[0039] vz*>&msttr&!Buci*. son 

ixy a>*SHftL/ci'^^», ^py-^l Affirm 

r*«*©SMt«:J:or*iKr*ci#r#*. son 

[0 04 0 ] Hft»ffi**f»*-r5aMC3WI|tHiSti*C <t 10 
1 3<Dffl2Bin 6 tester 4*&a*«*#J»LT, @ft 

®+*£«i secwjc-ritiatoafltijBiaBBi 6cc*fi£ 

^*Sfl*>';=i><!:U"rHftL/c»fcC4oa9^ 20 
[0 04 1] ti±(D<t 5CC*»^(D||3SB(3DC<DJK*tCj: 



[0 04 2 ] 

imMW] 4o«9tC*JliT, «tK»2 1 tC**W**I;£ 
lRl©*Stt, ^Wn5 5cmt*D, SJ(i40cm 
T*£„ *otf9(D«t^tt»2 2tC*5»4f-w«(DftS 

[0 04 3] 4otf9(DJS2 3tcE«Sti4>' , ;=i>CD 
«ISfl2 4«, CZ (f 3 SWot^ 
^3ftfc*Sfi<Z> (10 0) ffi<D*Sfi*/Bl>fc. fl»£A2 
4(D*#S». 810cm, 1*1 0 c mt*!), J*#tt 

CCT^/cibCCtf^n^o *otf9<DK2 3tC«S»2 4 
*E«L/c», 9CC#'J^';=i>*jRl 4 0 kg 

[ 0 0 4 4 ] felTCC*** 1 CC, ^>o^9W^I 

i 3©*^»i 5cc»jer-5ttiB(D»«:i. 6 

[0 04 5] 

[an 









14 0 0 


14 0 0 


o • 


14 0 0 


14 0 5 


1 o • 


14 0 0 


14 0 9 


2 2* 


14 0 0 


14 15 


34* 


1400 


14 20 


4 5* 



[0 04 6] 4oB90**»i«iZlSPi(DJBfl[3&«»L/ 

i>»^tctt, fiJcS^ipj/s^ojSi^cO, @ft»ffi3ni 

H±&C*<fc^CC 1 40 0°CiL/c**, ^29*1 6 <D&g 40 
ttlL/c 0 J§2^1 6<DfiK£l 4 20*C£Lfc*&£\ flc 

tfUtt<&*. — **3P£>fi££l 4 0 0*CJ;9 i> 

[0 047] rtft*ft(Dl*i#45ltr*4©t. £ 
5 'J ^>3 2*rSSjfrr4B$iC, Sog9 50 



SOT, H#««J2 2*tti^</h3<-r*Ci3Wa* 
Ll>. Ufe^ot, 9(D7--^*BPW>ftfi[aB. 4 

*J»ii#tt»2 2©«B2 2. 5 c mitt*. 
[0 04 8 1 18B, *JOfc«fc*5W4H<t*W*6Ur 
*6<D*IBi, 6*1 3CC#|*&$n^^7KcD7K*icD 

iw«4^-r^^ + - hr**. «FSUtotc*ji* 

*ar 2 1 £H2i»i emte-r****: 

$tiW5 2itt- »urc»*. B$S8t occ*ji>t % #* 

^$n^M 1 B/ciA W»tiJft9 1 5'J ? Hl> 
*SEftLttl». «a»l 6«c«l»Sti**«t*l9SBIt 0 



(7) 
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[0 04 9] J$£P*©*«M2:teJ:iJ c B$2«t 1 «. &6 

«iitistt»i©«waJis«ccai-r4^sijt kc @<b 

9*9 fttfPEtK i ft 2- J: 9 19:5c $ ft Z> . 
[0 05 0] 2>-ol3:9i*J©;i<V ->'J3>Ai^ite B ^^ , J 3 
> <t u r wmi& &\ fc t, /d£ ic h o 13: 9 6 £*S.fl -> =i 10 

^co-cimxsft-s. 

[0051] 

[HBfl©#jJH] a±©J:^tc*^i«:J:h(l Sotf© 

mmzw-mvtt vx . ■«•©&«:. H^t^ffi^^ffitt*^ 

[0 05 2] */c. ^*£S¥»f*©*^:frf£K:fe(,>-t. 
aotfKjiecttB U fc«tta*WdBS -eric SoiaWtc 

in. ¥«(*tt*4*g@*siMb-f s©-e. 

±*cc*»w r— *|Si«:lSJ|#iJiRfi L,fc*Sil^lflt£:«ft 
[0 05 3] */c*^tc J:ntf. H^ggteB^tcijt^r 30 

< xt>zr>i,io&<D#'&gti£mmmtx-Mmmtfim&. 

[0 054 ] S 6K^WtC«tn«. -^ffitCfeCi-Ctf'^ 
(OX. *^Witt«l/-C^«©»*|i**«2»tclBI3 
<L#-C#. 6aE©«aSB<t«l3'C.45<!;tc*»C>-r*h** 
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[0055] SfcS 6tc*|6^tc J;n«. l5IB*«i*W 

n&?z>ct&xzz>. 

[mi ] *mi<Dmi&<D—Bi£x&z&i&gkm&&<Dm 

B)r®0-C£>£. 

[0 2] &oi3!9©ff$tK©0i£^-r0-c-#>&. 

[03] ismi 3com^7r<irmxhi>. 

[04] £o(*9*«fflOT^*SII¥^*i^-t£l£ 

©sa^tu tmitnm t £*-r0-c* 
[0 5] z-o&Qt.ati^x^m&ttmmm-rzmom 

i m ffl©m«* jnT0 -c * s . 

[06] sit?*, £otf9*p£3i#±tf6ft;fc^*sii^ 
aw*3 2#. jaxsn-5>x?i**-r0-c*^o 

[07] H{bl?ffi3 l ©fiRS^«:oc^-c*-r0-c* 

[08] Hft*BB»6b-C3ft»6©l«M«t^ffil 3tc«|&3 

n^^*p*©7K«<t <DHts*5vr * -r s > y ♦ - h x 
[0 9] £*£Hr>'j 3>**{js-r ^ttK-Qi^-csttwr 

•S/c4t)©0-C*>?>o 

[|?#©iftW] 

1 8BB3SS 

2 

3 Wfti* 

4 JJ0^*p 

5 Sf*)lDli3^l 

6 

7 M«P«cS 

8 'J-FIS 

9 ^>oii 

i o 

1 1 KM6«t(4c 



1 2 
1 3 J cJS 
14 A-ru^-£ 



17] 



31 



